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57 ABSTRACT

A random access scheme for preventing unnecessary retrans-
mission and a user equipment for the same are disclosed. If a
Contention Resolution (CR) timer expires in contention reso-
Iution during a random access procedure or if a Physical
Downlink Control Channel (PDCCH) signal or a Physical
Downlink Shared Channel (PDSCH) signal associated with
the PDCCH signal does not match an identifier of a terminal,
a Hybrid Automatic Repeat Request (HARQ) buffer for stor-
ing a Medium Access Control Packet Data Unit (MAC PDU)
transmitted in the random access procedure is flushed such
that unnecessary data retransmission can be prevented.
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RANDOM ACCESS SCHEME FOR
PREVENTING UNNECESSARY
RETRANSMISSION AND USER EQUIPMENT
FOR THE SAME

This application is the National Phase of PCT/KR2010/
000036 filed on Jan. 5, 2010, which claims priority under 35
U.S.C. 119(e) to U.S. Provisional Application No. 61/142,
613 filed on Jan. 5, 2009 and under 35 U.S.C. 119(a) to Patent
Application No. 10-2009-0130622 filed in Korea on Dec. 24,
2009, all of which are hereby expressly incorporated by ref-
erence into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a random access scheme of
a user equipment in a mobile communication system, and
more particularly, to a random access scheme for preventing
unnecessary retransmission and a user equipment for the
same.

2. Discussion of the Related Art

As an example of a mobile communication system to
which the present invention is applicable, a 3"/ Generation
Partnership Project Long Term Evolution (3GPP LTE) com-
munication system will be schematically described.

FIG. 1 is a schematic diagram of an Evolved Universal
Mobile Telecommunications System (E-UMTS) network
architecture as an example of a mobile communication sys-
tem.

The E-UMTS is an evolved version of the existing UMTS
and basic standardization thereof is in progress under the
3GPP. The E-UMTS is also referred to as a Long Term Evo-
Iution (LTE) system.

The E-UMTS network may be roughly divided into an
Evolved UMTS Terrestrial Radio Access Network (E-UT-
RAN) 101 and a Core Network (CN)102. The E-UTRAN 101
generally comprises a terminal (i.e., User Equipment (UE))
103, a base station (i.e., eNode B or eNB) 104, an Access
Gateway (AG) 105 that is located at an end of the E-UMTS
network and connects with one or more external networks.
The AG 105 may be divided into a part for processing user
traffic and a part for handling control traffic. Here, an AG for
processing new user traffic and an AG for processing control
traffic can communicate with each other using a new inter-
face.

One eNode B may have one or more cells. An interface for
transmitting the user traffic or the control traffic may be used
among the eNode Bs. The CN 102 may comprise an AG 105,
nodes for user registration of other UEs 103, and the like. An
interface may be used to distinguish the E-UTRAN 101 and
the CN 102 from each other.

The various layers of the radio interface protocol between
the terminal and the network may be divided into Layer (L.1),
Layer 2 (I.2) and Layer 3 (L3), based upon the lower three
layers of the Open System Interconnection (OSI) standard
model that is well-known in the field of communications
systems. Among these layers, Layer 1 (L.1), namely, the
physical layer, provides an information transfer service by
using a physical channel, while a Radio Resource Control
(RRC) layer located in Layer 3 (1.3) performs the function of
controlling radio resources between the terminal and the net-
work. The RRC layer exchanges RRC messages between the
terminal and the network. The RRC layer may be located by
being distributed in network nodes such as the eNode B 104,
the AG 105, and the like, or may be located only in the eNode
B 104 or the AG 105.
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FIGS. 2 and 3 show an architecture of a radio interface
protocol between a terminal and a UTRAN according to the
3GPP radio access network standard.

The radio interface protocol shown in FIGS. 2 and 3 is
horizontally composed of a physical layer, a data link layer,
and a network layer, and is vertically composed of a user
plane for transmitting user data and a control plane for trans-
ferring control signaling. In detail, FIG. 2 shows the layers of
the radio protocol control plane and FIG. 3 shows the layers of
the radio protocol user plane. The protocol layers of FIGS. 2
and 3 may be divided into L1 (Layer 1), L.2 (Layer 2), and [.3
(Layer 3) based upon the lower three layers of the Open
System Interconnection (OS]) standard model that is widely
known in the field of communication systems.

Hereinafter, particular layers of the radio protocol control
plane of FIG. 2 and the radio protocoluser plane of FIG. 3 will
be described.

The physical layer (PHY) (Layer 1) provides an informa-
tion transfer service to an upper layer using a physical chan-
nel. The PHY layer is connected to a Medium Access Control
(MAC) layer located thereabove via a transport channel, and
data is transferred between the PHY layer and the MAC layer
via the transport channel. At this time, the transfer channel is
roughly divided into a dedicated transfer channel and a com-
mon transfer channel depending on whether or not a channel
is shared. In addition, data is transferred respectively between
different physical layers, namely, between the respective
physical layers of the transmitting side and the receiving side
via a physical channel using radio resources.

Various layers are located in Layer 2. First, the Medium
Access Control (MAC) layer maps various logical channels
to various transfer channels and performs a logical channel
multiplexing function for mapping various logical channels
to one transfer channel. The MAC layer is connected to a
Radio Link Control (RLC) layer which is an upper layer via a
logical channel, and the logical channel may be roughly
divided into a control channel for transmitting information
about the control plane and a traffic channel for transmitting
information about the user plane, according to the type of
transmitted information.

The RLC layer of the second layer segments and concat-
enates data received from an upper layer, thereby controlling
adata size so as to be suitable for a lower layer to transmit data
to a radio interval. The RLC provides three modes, namely, a
transparent mode (TM), an unacknowledged mode (UM) and
an acknowledged Mode (AM) to support various QoSs
requested by each radio bearer (RB). Especially, for reliable
data transmission, the AM RLC performs a function to
retransmit data through an automatic repeat request (ARQ).

A packet data convergence protocol (PDCP) layer located
at the second layer is used to efficiently transmit IP packets,
such as IPv4 or IPv6, on a radio interval with a relatively
narrow bandwidth. For this purpose, the PDCP layer reduces
the size of an IP packet header which is relatively great in size
and includes unnecessary control information, namely, per-
forms a function called header compression. Accordingly,
only necessary information can be included in the header part
of data for transmission, so as to increase a transmission
efficiency of a radio interval. In the LTE system, the PDCP
layer also performs a security function. The security function
includes a ciphering function for preventing data monitoring
from a third party, and an integrity protection function for
preventing data manipulation from a third party.

A radio resource control (RRC) layer located at a highest
portion of the third layer is defined in the control plane. The
RRC layer handles logical channels, transport channels and
physical channels for the configuration, re-configuration and
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release of radio bearers. Here, a radio bearer (RB) denotes a
logical path provided by the first and second layers of radio
protocols for data transfer between the terminal and the
UTRAN. Generally, configuration of the RB indicates a pro-
cess of regulating radio protocol layers and channel charac-
teristics necessary for providing a specific service, and con-
figuring specific parameters and operation methods. The RB
is divided into a signaling RB (SRB) and data RB (DRB). The
SRB is used as a path through which an RRC message is
transmitted on a C-plane, while the DRB is used as a path
through which user data is transmitted on a U-plane.

Downlink transport channels for transmitting data from a
network to a terminal may include a Broadcast Channel
(BCH) for transmitting system information and a downlink
Shared Channel (SCH) for transmitting other user traffic or
control messages. Traffic or control messages of a downlink
multicast or broadcast service may be transmitted either via a
downlink SCH, or via a separate downlink Multicast Channel
(MCH). In addition, uplink transport channels for transmit-
ting data from a terminal to a network may include a Random
Access Channel (RACH) for transmitting an initial control
message and an uplink Shared Channel (SCH) for transmit-
ting user traffic or control messages.

Downlink physical channels for transmitting information
transferred to a downlink transport channel via a radio inter-
val between a network and a terminal may include a Physical
Broadcast Channel (PBCH) for transmitting BCH informa-
tion, a Physical Multicast Channel (PMCH) for transmitting
MCH information, a Physical Downlink Shared Channel
(PDSCH) for transmitting PCH information and downlink
SCH information, and a Physical Downlink Control Channel
(PDCCH) (also called a DL 1.1/1.2 control channel) for trans-
mitting control information sent from the first and second
layers, such as downlink or uplink radio resource allocation
information (DL/UL Scheduling Grant) or the like. Uplink
physical channels for transmitting information transferred to
an uplink transport channel via a radio interval between a
network and a terminal may include a Physical Uplink Shared
Channel (PUSCH) for transmitting uplink SCH information,
a Physical Random Access Channel (PRACH) for transmit-
ting RACH information, and a Physical Uplink Control
Channel (PUCCH) for transmitting control information sent
from the first and second layers, such as HARQ ACK or
NACK, Scheduling Request (SR), Channel Quality Indicator
(CQI) report and the like.

The HARQ operation performed in the LTE system based
on the above description will now be described.

FIG. 4 is a diagram showing a HARQ operation performed
in the LTE system.

In FIG. 4, description will be given in an uplink state in
which a UE is a transmission side, a base station (eNode B or
eNB) is a reception side, and HARQ feedback information is
received from the base station, but may be equally applied to
downlink transmission.

First, the eNB may transmit uplink scheduling informa-
tion, that is, uplink grant (UL grant), via a Physical Downlink
Control channel (PDCCH), in order to enable the UE to
transmit data using the HARQ scheme (S401). The UL grant
may include a UE identifier (e.g., C-RNTI, semi-persistent
scheduling C-RNTTI), a location of an assigned radio resource
(resource block assignment), a transmission parameter such
as a modulation/coding rate, a redundancy version and the
like, a new data indicator (NDI), etc.

The UE may check UL grant information sent to itself by
monitoring a PDCCH in each Transmission Time Interval
(TTT). In case of discovering the UL grant information sent to
itself, the UE may transmit data (data 1 in FIG. 4) via a
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physical uplink shared channel (PUSCH) according to the
received UL grant information (S402). In this case, the trans-
mitted data can be transmitted by a MAC Protocol Data Unit
(PDU).

As described above, after the UE has performed the uplink
transmission via the PUSCH, the UE waits for reception of
HARQ feedback information via a Physical Hybrid-ARQ
Indicator Channel (PHICH) from the eNB. If HARQ NACK
for the data 1 is transmitted from the eNB (8403), the UE
retransmits the data 1 in a retransmission TTI of the data 1
(S404). On the contrary, if HARQ ACK is received from the
eNB (not shown), the UE stops the HARQ retransmission of
the data 1.

Each time the UE performs one data transmission using the
HARQ scheme, the UE takes a count of the number of trans-
missions (CURRENT_TX_NB). If the transmission number
reaches a maximum transmission number (CURRENT_
TX_NB) set by an upper layer, the UE discards the MAC
PDU stored in a HARQ buffer.

If the HARQ ACK for the data 1 retransmitted in the step
S404 from the UE is received (S405) and if a UL grant is
received via the PDCCH (S406), the UE may determine
whether data to be transmitted this time is an initially-trans-
mitted MAC PDU or whether to retransmit a previous MAC
PDU using a new data indicator (NDI) field received via the
PDCCH. In this case, the NDI field is a 1-bit field. The NDI
field is toggled as 0—1—=0—=1— . . . each time a new MAC
PDU is transmitted. For the retransmission, the NDI field is
set to a value equal to that of the initial transmission. In
particular, the UE may determine whether to retransmit the
MAC PDU, by comparing the NDI field with a previously
transmitted value.

In case of FIG. 4, as a value of NDI=0 in the step S401 is
toggled into NDI=1 in the step S406, the UE recognizes that
the corresponding transmission is a new transmission. The
UE may transmit data 2 via a PUSCH (S407).

Meanwhile, a procedure of, at a UE, performing random
access to an eNB will now be described.

First, the UE may perform a random access procedure in
the following cases:

when the UE performs initial access because there is no

RRC Connection with the eNB,

when the UE initially accesses a target cell in a handover

procedure,

when the random access procedure is requested by a com-

mand of a base station,

when there is uplink data transmission in a situation where

uplink time synchronization is not aligned or where a
specific radio resource used for requesting radio
resources is not allocated, and

when a recovery procedure is performed in case of a radio
link failure or a handover failure.

In the LTE system, there are two procedures in selecting a
random access preamble: one is a contention based random
access procedure in which the UE randomly selects one pre-
amble within a specific group for use, another is a non-
contention based random access procedure in which the UE
uses arandom access preamble allocated only to aspecific UE
by the eNB. The non-contention based random access proce-
dure may be used, as described above, only in the handover
procedure or when it is requested by the command ofthe eNB.

Meanwhile, a procedure in which a UE performs random
access to a specific eNB may include steps of (1) at the UE,
transmitting a random access preamble to the eNB (herein-
after, referred to as a “first message (Message 1)” transmis-
sion step), receiving a random access response from the eNB
in correspondence with the transmitted random access pre-
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amble (hereinafter, referred to as a “second message (Mes-
sage 2)” reception step), (3) transmitting an uplink message
using information received by the random access response
message (hereinafter, referred to as a “third message (Mes-
sage 3)” transmission step), and (4) receiving a message
corresponding to the uplink message from the eNB (herein-
after, referred to as a “fourth message (Message 4)” reception
step).

FIG. 5 shows an operation procedure between a UE and an
eNB in a contention based random access procedure.

(1) First Message (Message 1) Transmission

First, a UE may randomly selecta random access preamble
within a group of random access preambles indicated through
system information or a handover command, may select
PRACH resources capable of transmitting the random access
preamble, and then may transmit the selected random access
preamble (Step 501).

(2) Second Message (Message 2) Reception

After transmitting the random access preamble in step
S501, the UE may attempt to receive a response with respect
to its random access preamble within a random access
response reception window indicated through the system
information or the handover command by the eNB (Step
S502). More specifically, the random access response infor-
mation is transmitted as a MAC PDU, and the MAC PDU may
be transferred via the Physical Downlink Shared Channel
(PDSCH). In addition, the Physical Downlink Control Chan-
nel (PDCCH) may be monitored such that the terminal appro-
priately receives information transferred via the PDSCH.
That is, the PDCCH may include information about a UE that
should receive the PDSCH, frequency and time information
of radio resources of the PDSCH, a transfer format of the
PDSCH, and the like. Here, if the PDCCH has been success-
fully received, the UE may appropriately receive the random
access response transmitted via the PDSCH according to
information of the PDCCH. The random access response may
include a random access preamble identifier (ID) (e.g., Ran-
dom Access Preamble Identifier (RAPID)), a UL Grant indi-
cating uplink resources, a temporary C-RNTI, a Time
Advance Command (TAC), and the like.

Here, the random access preamble identifier is included in
the random access response in order to notify UEs to which
information such as the UL Grant, the temporary C-RNTIL,
and the TAC would be valid because one random access
response may include random access response information
for one or more UEs. Here, it is assumed that the random
access preamble identifier may be identical to the random
access preamble selected by the UE in Step 502. Accordingly,
the UE may receive the UL Grant, the temporary C-RNTI and
the TAC.

(3) Third Message (Message 3) Transmission

If'the UE has received the random access response valid to
the UE itself, the UE may process each of the information
included in the random access response. That is, the UE
applies the TAC, and stores the temporary C-RNTI. In addi-
tion, data to be transmitted may be stored in a Message 3
buffer in correspondence with the reception of the valid ran-
dom access response.

In addition, the UE uses the received UL Grant so as to
transmit data (that is, Message 3) to the eNB (Step S503).
Message 3 should be included in the identifier of the UE. This
is because, in the contention based random access procedure,
the eNB may not determine which UEs are performing the
random access procedure, but later the UEs should be iden-
tified for contention resolution.

Here, two different schemes may be provided to include the
UE identifier. A first scheme is to transmit the UE’s cell
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identifier through an uplink transmission signal correspond-
ing to the UL Grant if the UE has already received a valid cell
identifier allocated in a corresponding cell prior to the random
access procedure. Conversely, the second scheme is to trans-
mit the UE’s unique identifier (e.g., S-TMSI or random ID) if
the UE has not received a valid cell identifier prior to the
random access procedure. In general, the unique identifier is
longer than the cell identifier. If the UE has transmitted data
corresponding to the UL Grant, the UE starts a Contention
Resolution (CR) timer.

(4) Fourth Message (Message 4) Reception

After transmitting the data with its identifier through the
UL Grant included in the random access response, the UE
waits for an indication (instruction) of the eNB for the con-
tention resolution. That is, the UE attempts to receive the
PDCCH so as to receive a specific message (Step 504). Here,
there are two schemes to receive the PDCCH. As described
above, if the UE identifier included in Message 3 transmitted
in correspondence with the UL Grant is the cell identifier, the
UE attempts to receive the PDCCH by using its own cell
identifier. If the UE identifier included in Message transmit-
ted in correspondence with the UL Grant is its unique iden-
tifier, the UE attempts to receive the PDCCH by using the
temporary C-RNTI included in the random access response.
Thereafter, for the former, if the PDCCH is received through
its cell identifier before the contention resolution timer
expires, the UE determines that the random access procedure
has been successfully (normally) performed, thus completing
the random access procedure. For the latter, if the PDCCH is
received through the temporary cell identifier before the con-
tention resolution timer expires, the UE checks data trans-
ferred by the PDSCH that the PDCCH indicates. If the unique
identifier of the UE is included in the data, the UE determines
that the random access procedure has been successtully (nor-
mally) performed, thus completing the random access proce-
dure.

Meanwhile, if the contention resolution procedure through
the transmission of Message 3 and the reception of Message
4 has not been successfully performed, the UE may select
another random access preamble so as to restart the random
access procedure. To this end, the UE may receive Message 2
from the eNB, configure Message 3 for contention resolution
procedure, and transmit Message 3 to the eNB. The HARQ
process used for the transmission of Message 3 in the HARQ
system which was described with reference to FIG. 4 may be
different from the HARQ process for the transmission of
Message 3 in the previous random access attempt. In this
case, there may be a problem in which the MAC PDU stored
in the HARQ buffer corresponding to the previous HARQ
process may be unnecessarily retransmitted. The present
inventors provide a technology for recognizing and solving
the above problem.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a random
access scheme for preventing unnecessary data retransmis-
sion and a user equipment for the same that substantially
obviate one or more problems due to limitations and disad-
vantages of the related art.

An object of the present invention is to provide a random
access scheme for preventing unnecessary data retransmis-
sion and a user equipment for the same.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
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learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method for performing random
access to a base station by a terminal includes transmitting a
random access preamble to the base station; receiving, from
the base station in response to the random access preamble,
random access response message including uplink grant
information; and storing a Medium Access Control Packet
Data Unit (MAC PDU) including uplink data and an identifier
of'the terminal in a message 3 (Msg3) buffer in response to the
uplink grant information; copying the MAC PDU stored in
the Msg3 buffer to a first Hybrid Automatic Repeat Request
(HARQ) bufter associated with a first HARQ process; trans-
mitting the MAC PDU stored in the first HARQ buffer to the
base station using the first HARQ process; starting or restart-
ing a Contention Resolution (CR) timer; receiving, from the
base station, a Physical Downlink Control Channel (PDCCH)
signal; and flushing the first HARQ buffer, if the received
PDCCH signal or a Physical Downlink Shared Channel (PD-
SCH) signal associated with the received PDCCH signal does
not match the identifier of the terminal or if the CR timer
expires.

The terminal may consider a contention resolution as not
successful, if the received PDCCH signal or a physical down-
link shared channel (PDSCH) signal associated with the
received PDCCH signal does not match the identifier of the
terminal or if the CR timer expires.

The terminal may stop a Timing Alignment Timer (TAT),
when the terminal considers the contention resolution as not
successful. The terminal may flush the first HARQ buffer,
when the TAT expires or is stopped.

The identifier of the terminal may be one of a Cell-Radio
Network Temporary Identifier (C-RNTT) of the terminal or a
UE contention resolution identity of the terminal.

The terminal may consider the contention resolution as not
successful, when the terminal has transmitted the MAC PDU
including the C-RNTI of the terminal and the received
PDCCH signal is not addressed to the C-RNTI of the termi-
nal. Alternatively, the terminal may consider the contention
resolution as not successful, when the terminal has transmit-
ted the MAC PDU including the UE contention resolution
identity of the terminal and the PDSCH signal associated with
the received PDCCH signal does not match the UE contention
resolution identity of the terminal.

The method may further include retransmitting the
selected random access preamble to the base station accord-
ing to the failure of the contention resolution, receiving a
random access response message including a Timing Align-
ment Command (TAC) from the base station, starting or
restarting a Timing Alignment Timer (TAT) according to the
reception of the TAC; copying the MAC PDU stored in the
Msg3 buffer to a second HARQ buffer associated with a
second HARQ process, and transmitting the MAC PDU
stored in the second HARQ bufter to the base station using the
second HARQ process, and the terminal according to the
present embodiment may not transmit the MAC PDU stored
in the first HARQ buffer even when the TAT is started or
restarted.

In another aspect of the present invention, a terminal
includes a physical layer module including a transmission
module configured to transmit a random access preamble to a
base station, and a reception module configured to receive a
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random access response message including uplink grant
information from the base station; and a Medium Access
control (MAC) layer module including a multiplexing and
assembly entity configured to configure a Medium Access
Control Packet Data Unit (MAC PDU) including uplink data
and an identifier of the terminal according to the uplink grant
information received by the reception module, a message 3
(Msg3) bufter configured to store the MAC PDU configured
by the multiplexing and assembly entity according to the
reception of the random access response message, a plurality
of Hybrid Automatic Repeat Request (HARQ) process mod-
ules and a plurality of HARQ buffers associated with the
plurality of HARQ process modules, and a HARQ entity
configured to control operations of the plurality of HARQ
process modules, wherein the MAC layer module copies the
MAC PDU stored in the Msg3 buffer to a first HARQ buffer
associated with a first HARQ process according to the recep-
tion of the random access response message by the reception
module, controls the MAC PDU stored in the first HARQ
buffer to be transmitted to the base station using the first
HARQ process, and starts or restarts a Contention Resolution
(CR) timer when transmitting the MAC PDU stored in the
first HARQ buffer, and wherein, if reception of a Physical
Downlink Control Channel (PDCCH) signal from the base
station is reported from the physical layer module, is the
MAC layer module determines whether the PDCCH or a
Physical Downlink Shared Channel (PDSCH) signal associ-
ated with the PDCCH signal matches the identifier of the
terminal or whether the CR timer expires, and flushes the first
HARQ buffer if the PDCCH signal or the PDSCH signal
associated with the PDCCH signal does not match the iden-
tifier of the terminal or if the CR timer expires.

The MAC layer module may consider a contention resolu-
tion as not successful, if the received PDCCH signal or the
PDSCH signal associated with the received PDCCH signal
does not match the identifier of the terminal or if the CR timer
expires.

The MAC layer module may stop a Timing Alignment
Timer (TAT), when the terminal considers the contention
resolution as not successful. The MAC layer module may
flush the first HARQ buffer, when the TAT expires or is
stopped.

The identifier of the terminal may be one of a Cell-Radio
Network Temporary Identifier (C-RNTT) of the terminal or a
UE contention resolution identity of the terminal. The MAC
layer module may consider the contention resolution as not
successful, when the terminal has transmitted the MAC PDU
including the C-RNTI of the terminal and the received
PDCCH signal is not addressed to the C-RNTI of the termi-
nal.

The MAC layer module may consider the contention reso-
lution as not successful, when the terminal has transmitted the
MAC PDU including the UE contention resolution identity of
the terminal and the PDSCH associated with the received
PDCCH signal does not match the UE contention resolution
identity of the terminal.

According to the present invention, it is possible to prevent
unnecessary data retransmission during a random access pro-
cedure or after completing the random access procedure.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-



US 9,078,236 B2

9

porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a schematic diagram of an Evolved Universal
Mobile Telecommunications System (E-UMTS) network
architecture as an example of a mobile communication sys-
tem;

FIGS. 2 and 3 are diagrams showing the architectures of the
radio interface protocol between a User Equipment (UE) and
a UMTS Terrestrial Radio Access Network (UTRAN) based
onthe 3" Generation Partnership Project (3GPP) radio access
network standard;

FIG. 4 is a diagram showing a HARD operation performed
in the LTE system;

FIG. 5 is a diagram illustrating an operation procedure of a
UE and an eNB in a contention based random access proce-
dure;

FIG. 6 is a diagram illustrating the case where a UE per-
forms unintended HARQ retransmission, which is recog-
nized by the present inventors;

FIG. 7 is a diagram illustrating an operation of a UE which
performs a random access procedure according to a first
embodiment of the present invention;

FIG. 8 is a diagram illustrating an operation of UE which
performs a random access procedure according to a second
embodiment of the present invention;

FIG. 9 is a diagram illustrating an operation of a UE which
performs a random access procedure according to a third
embodiment of the present invention;

FIG. 10 is a diagram illustrating a procedure in which a UE
performs a random access procedure with respect to an eNB
according to an embodiment of the present invention;

FIG. 11 is a diagram showing the configuration of a pro-
cessor of a UE according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Hereinafter, the preferred embodiments of the present
invention will be described with reference to the accompany-
ing drawings. It is to be understood that the detailed descrip-
tion which will be disclosed along with the accompanying
drawings is intended to describe the exemplary embodiments
of the present invention, and is not intended to describe a
unique embodiment through which the present invention can
be carried out. Hereinafter, the detailed description includes
detailed matters to provide full understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention can be carried out without the
detailed matters. For instance, although the following
detailed description is made on the assumption that a mobile
communication system is the 3GPP LTE system, it is appli-
cable to other prescribed mobile communication systems by
excluding unique items of the 3GPP LTE.

In some instances, well-known structures and devices are
omitted in order to avoid obscuring the concepts of the
present invention and the important functions of the struc-
tures and devices are shown in block diagram form. The same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

10

15

20

25

30

35

40

45

50

55

60

65

10

Inthe following description, it is assumed that a terminal is
a generic term for a mobile or fixed user-end device such as a
user equipment (UE), a mobile station (MS) and the like. In
addition, it is assumed that a base station is a generic name for
any node of a network end, which communicates with a
terminal, such as a Node B, an eNode B and the like.

As described above, the present invention provides a ran-
dom access scheme for preventing unnecessary data retrans-
mission in random access procedure and a User Equipment
(UE) for the same. First, an uplink timing alignment mainte-
nance scheme and a contention resolution procedure of the
random access procedure will be described in detail.

Description of uplink timing alignment maintenance in an
LTE system will be given. In the LTE system based on
Orthogonal Frequency Division Multiplexing (OFDM) tech-
nology, there is possibility of interference between UEs dur-
ing communication between UE and eNB. In order to mini-
mize interference between UEs, it is important that the eNB
manages or handles transmission timing of the UE. More
particularly, the UE may be present in a random area within a
cell, and this implies that a traveling time of data from the UE
to the eNB can be varied based on a location of the UE.
Namely, if a UE attempts to transmit data on an edge of the
cell, data transmission time of this specific UE will be much
longer than data transmission time of a UE located on a center
of'the cell. In contrast, if an UE is located at the center of the
cell, data transmission time of this specific terminal will be
much shorter than data transmission time of a UE located on
the edge of the cell. The eNB must manage or handle all data
or signals, which are transmitted by the UEs within the cell,
within the boundary of each time in order to prevent interfer-
ence between the UEs. Namely, the eNB must adjust or man-
age atransmission timing of the UEs according to the location
condition of the UE, and such adjustment can be called timing
alignment maintenance.

One of the methods for maintaining the timing alignment is
a random access procedure. Namely, during the random
access procedure, the eNB receives a random access pre-
amble transmitted from the UE, and the eNB can calculate a
time alignment (Sync) value using the received random
access preamble. The calculated time alignment value can be
notified to the UE by a random access response, and the UE
can update the data transmission timing based on the calcu-
lated time alignment value.

In another method, the eNB may receive a sounding refer-
ence symbol (SRS) transmitted from the UE periodically or
randomly, calculate the time alignment (Sync) value based on
the SRS, and notify the UE of the time alignment value. Then,
the terminal may update the data transmission timing.

As described above, the eNB may measure transmission
timing of the UE though a random access preamble or SRS,
and may notify the UE of an adjustable timing value. As
described above, the time alignment (Sync) value transmitted
from the eNB to the UE may be called a time advance com-
mand (hereinafter referred to as “TAC”). The TAC may be
processed in a Medium Access control (MAC) layer. Since
the UE does not have a fixed location, the transmission timing
is frequently changed based on a UE’s location and/or a UE’s
movement velocity. In consideration of this point, if the US
receives the TAC from the eNB, it is assumed that the TAC is
not valid for an infinite duration but is only valid for certain
duration. A time alignment timer (TAT) is used for indicating
or representing the certain duration. As such, the TAT is
started when the UE receives the TAC from the eNB. It is
assumed that the UE is time-synchronized with the eNB only
during the operation of the TAT. The TAT value is transmitted
to the US through a Radio Resource Control (RRC) signal
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such as system information (SI) or a radio bearer reconfigu-
ration. In addition, if the US receives a new TAC from the
eNB during an operation of the TAT, the TAT is restarted.
Further, when the TAT is expired or not running, the UE
determines that the US is not time-synchronized with the eNB
and does not transmit any other uplink data or control signal
except for the random access preamble.

Hereinafter, the method of contention resolution of the
random access procedure will be described in detail.

The reason why contention occurs in the random access
procedure is because the number of random access preambles
is finite. That is, since the eNB cannot apply unique random
access preambles of all UEs to the OEs, each of the UEs
randomly selects one from common random access pre-
ambles and transmits the selected random access preamble.
Accordingly, two or more UEs may select and transmit the
same random access preamble via the same PRACH
resources. In this case, the eNB determines that the received
random access preamble is transmitted from one UE.

To this end, the eNB transmits a random access response to
the UE and expects that one UE receives the random access
response. However, as described above, since contention may
occur, two or more UEs receive one random access response
and thus perform respective operations according to the
reception of the random access response. That is, the two or
more UEs transmit different data via the same radio resources
using one UL Grant included in the random access response.

Then, the transmission of the data by all the two or more
UEs may fail or the eNB may receive only the data of a
specific GE according to the locations or the transmission
powers of the UEs. For the latter, since the two or more UEs
determine that their data transmission is successfully per-
formed, the eNB should notify the UEs which fail contention:
ofinformation about the failure. That is, the notification of the
information about failure or success of the contention is
called contention resolution.

The contention resolution method include two methods:
one is a method of using a Contention Resolution (CR) timer
and another is a method of transmitting an identifier of a UE,
which successfully performs data transmission, to UEs.

The former method is used when the UE already has its
unique cell identifier (C-RNTI) before the random access
procedure. That is, the GE which already has the cell identi-
fier transmits data including its cell identifier to the eNB
according to the random access response and operates the CR
timer. Then, when the UE receives PDCCH information
included in its cell identifier before the CR timer expires, the
UE determines that the UE itself succeeds in contention and
normally completes the random access procedure. In con-
trast, if the UE does not receive the PDCCH including its cell
identifier before the CR timer expires, the UE determines that
the UE itself fails contention and performs the random access
procedure again or notifies an upper layer of the failure.

The latter method of the contention resolution methods,
that is, the method of transmitting the identifier of the UE
which successfully performs data transmission, is used when
the UE does not have its unique cell identifier before the
random access procedure. That is, if the UE does not have its
cell identifier, an identifier (e.g., S-TMSI or random ID)
upper than the cell identifier is included in the data so as to be
transmitted according to the UL Grant included in the random
access response, and the UE operates the CR timer. If the data
including its upper identifier is transmitted via a DL-SCH
before the CR timer expires, the UE determines that the
random access procedure is successtully performed. In con-
trast, if the data including its upper-identifier is not transmit-
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ted via the DL-SCH before the CR timer expires, the UE
determines that the random access procedure fails.

The case where data is unnecessarily retransmitted during
the random access procedure or after the random access pro-
cedure will be described in detail and the cause thereof will be
defined.

FIG. 6 is a diagram illustrating the case where a UE per-
forms unintended HARQ retransmission, which is recog-
nized by the present inventors.

Step 1: The UE may transmit a random access preamble to
an eNB in order to perform a contention based random access
procedure.

Step 2: The eNB may transmit a random access response to
the UE in response to the random access preamble.

Step 3: The UE may apply a TAC included in the random
access response so as to start a TAT. In addition, the UE may
generate a MAC PDU according to uplink scheduling infor-
mation included in the random access response and store the
MAC PDU in a Message 3 (Msg3) buffer. Then, the UE may
fetch the MAC PDU from the Msg3 buffer, store the MAC
PDU in a HARQ buffer associated with a specific HARQ
process (an x HARQ process, in the present embodiment) of
a plurality of HARQ processes, and transmit the MAC PDU
stored in the HARQ buffer to the eNB at a transmission time
point of the HARQ process.

Step 4: It is determined that the random access procedure
fails by a specific condition as described above. Then, the UE
stops the operation of the TAT. Then, the UE may transmit a
random access preamble to the eNB and perform the subse-
quent necessary operation, in order to reattempt the random
access procedure.

Step 5: The UE may transmit the random access preamble
and receive a random access response from the eNB, in order
to reattempt the random access procedure. In this case, the UE
may apply a TAC included in the random access response so
as to restart a TAT. In addition, the UE may fetch the MAC
PDU from the Msg3 buffer and store the MAC PDU in a
HARQ buffer associated with a specific HARQ process (a 'y
HARQ process, in the present embodiment) of the plurality of
HARQ processes and prepare for the transmission of the
MACPDU at a transmission time point of the HARQ process.

Step 6: During the operation of the TAT of the UE, the UE
determines that an uplink time is synchronized, determines
whethera MAC PDU is present in HARQ buffers correspond-
ing to respective transmission time points corresponding to
the plurality of HARQ processes (more particularly, eight
HARQ processes in the LTE system), and transmits or
retransmits the MAC PDU at a corresponding transmission
time point if the MAC PDU is stored in corresponding HARQ
buffer. Accordingly, if the MAC PDU is still stored in the
HARQ buffer (x HARQ buffer) associated with the x HARQ
process in Step 6 and the TAT of the UE is operated, the MAC
PDU stored in the x HARQ buffer is retransmitted at the
transmission time point corresponding to the x HARQ pro-
cess, independent of the transmission of the MAC PDU stored
in the HARQ buffer (y HARQ buffer) associated with the y
HARQ process. However, the retransmission of the MAC
PDU stored in the x HARQ buffer corresponds to unintended
retransmission.

Since the HARQ process used when the UE restarts the
random access procedure in the example associated with F1G.
6 may be different from a HARQ process used in a previous
random access procedure, unnecessary data retransmission
may occur as described above. Accordingly, in the embodi-
ment of the present invention, in order to prevent the above-
described unintended data retransmission, situations in which
the random access procedure is restarted are checked and a



US 9,078,236 B2

13

HARQ buffer used in the previous transmission is flushed in
subsequent procedures which will be performed in the
respective situations, thereby preventing unnecessary
retransmission.

Hereinafter, the cases of applying the method according to
the present embodiment to the respective situations will be
described.

First Embodiment

FIG. 7 is a diagram illustrating an operation of a UE which
performs a random access procedure according to a first
embodiment of the present invention.

The UE may transmit a random access preamble to an eNB
in order to perform the random access procedure (S701). In
response to the transmission of the random access preamble,
the eNB may transmit a random access response message to
the UE (S702). The random access response message may
include UL Grant for the transmission of Message 3 by the
UE.

If the UE has a cell identifier (C-RNTI) determined with
respect to the eNB in this state, the UE may configure a MAC
PDU including the cell identifier (C-RNTI) of the UE and
transmit the MAC PDU to the eNB as Message 3 in order to
perform the contention resolution procedure. The MAC PDU
of'the UE is configured by multiplexing and assembly entity
of'a MAC layer, is stored in the Msg3 buffer, and is stored in
a HARQ buffer of a specific HARQ process used for trans-
mission of Message 3 again.

The UE which transmits Message 3 using the specific
HARQ process may start a CR timer (S704). In the present
embodiment, it is assumed that the UE receives a PDCCH
signal from the eNB before the CR timer expires (S705).
When the UE receives the PDCCH, and, more particularly, if
the physical layer of the UE informs the MAC layer of the
reception of the PDCCH, the UE according to the present
embodiment determines whether the PDCCH signal is
received using the cell identifier (C-RNTI) transmitted by
Message 3 of the UE.

If the UE which transmits Message 3 including the cell
identifier (C-RNTI) of the UE does not receive the PDCCH
corresponding to its cell identifier, the UE may consider the
contention resolution procedure as not successful and per-
form the subsequent operations according to the failure of the
contention resolution procedure.

For example, the UE which considers the contention reso-
Iution procedure as not successful may (1) increase a random
access preamble transmission counter (PREAMBLE_
TRANSMISSION_COUNTER) by 1 and (2) determine
whether the preamble transmission counter value reaches a
maximum preamble transmission number (preambleTrans-
Max+1). (3) If the preamble transmission counter value
reaches the maximum preamble transmission number, a prob-
lem of the random access procedure may be reported to an
upper layer. (4) If the preamble transmission counter value
does not reach the maximum preamble transmission number,
the UE may apply a back-off parameter so as to delay a
subsequent random access preamble transmission time point
and perform a process of selecting a new random access
preamble.

Meanwhile, the UE according to the present embodiment is
configured to perform an operation for flushing a HARQ
buffer of a specific HARQ process used for transmission of
Message 3 prior to the operation according to the failure of the
contention resolution procedure. By flushing the HARQ
buffer in the operation in which the UE considers the conten-
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tion resolution procedure as not successtul, the unnecessary
retransmission described with respect to FIG. 6 can be pre-
vented.

Second Embodiment

FIG. 8 is a diagram illustrating an operation of a UE which
performs a random access procedure according to a second
embodiment of the present invention.

The operations for, at the UE, transmitting a random access
preamble to an eNB in order to perform the random access
procedure (S801), and receiving a random access response
message corresponding thereto (S802) are equal to those of
the first embodiment.

It is assumed that the UE according to the present embodi-
ment does not have a cell identifier (C-RNTI) determined
with respect to the eNB in this state. In this case, the UE may
include its unique identifier (e.g., S-TMSI or a random ID) in
a MAC PDU and transmit the MAC PDU when Message 3 is
transmitted. The unique identifier of the UE used for the
contention resolution procedure may be called a “UE conten-
tion resolution identity”.

It is assumed that the GE according to the present embodi-
ment configures the MAC PDU including the S-TMSI and
transmits the MAC PDU to the eNB (S803). The MAC PDU
of'the UE is also configured by a multiplexing and assembly
entity of a MAC layer, is stored in the Msg3 buffer, and is
stored in a HARQ buffer of a specific HARQ process used for
transmission of Message 3 again.

The UE which transmits Message 3 using the specific
HARQ process may start a CR timer (S804). In the present
embodiment, it is assumed that the UE receives a PDCCH
signal from the eNB before the CR timer expires (S805).
When the UE receives the PDCCH, the UE according to the
present embodiment may determine whether the PDCCH
signal is received using the cell identifier (C-RNTT) used for
the current random access procedure.

Ifthe received PDCCH is not received using the temporary
cell identifier of the UE or the S-TMSI of the UE is not
included in the PDSCH received via the radio area corre-
sponding to the PDCCH, the UE may consider the contention
resolution procedure as not successful and perform the sub-
sequent operations according to the failure of the contention
resolution procedure.

The UE according to the present embodiment may perform
the operation according to the failure of the contention reso-
Iution procedure, which is described in the first embodiment.
In addition, the UE according to the present embodiment is
configured to perform an operation for flushing a HARQ
buffer of a specific HARQ process used for transmission of
Message 3 prior to the operation according to the failure of the
contention resolution procedure. By flushing the HARQ
buffer in the operation in which the UE considers the conten-
tion resolution procedure as not successtul, the unnecessary
retransmission described with respect to FIG. 6 can be pre-
vented.

Third Embodiment

FIG. 9 is a diagram illustrating an operation of a UE which
performs a random access procedure according to a third
embodiment of the present invention.

The operations for, at the UE, transmitting a random access
preamble to an eNB in order to perform the random access
procedure (S901), and receiving a random access response
message corresponding thereto (S902) are equal to those of
the first embodiment.
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In the present embodiment, the UE may include both a cell
identifier (C-RNTI) and a UE contention resolution identity
(for example, S-TMSI) in a MAC PDU transmitted via. Mes-
sage 3 and transmit the MAC PDU (S903).

When the UE transmits Message 3, the UE may start a CR
timer (S904). In the present embodiment, if Message 4 cor-
responding to the transmission of Message 3 of the UE is not
received from the eNB before the contention resolution timer
expires (8905), the UE may consider the contention resolu-
tion procedure as not successful and perform the subsequent
operations according to the failure of the contention resolu-
tion procedure. At this time, the UE according to the present
embodiment is configured to perform an operation for flush-
ing a HARQ buffer of a specific HARQ process used for
transmission of Message 3 prior to the operation according to
the failure of the contention resolution procedure. By flushing
the HARQ buffer in the operation in which the UE considers
the contention resolution procedure as not successful, the
unnecessary retransmission described with respect to FIG. 6
can be prevented.

The first to third embodiments described with reference to
FIGS. 7 to 9 may be associated with the case where the UE
considers the contention resolution procedure as not success-
ful. Ifthe UE considers the contention resolution procedure as
not successful, the HARQ buffer used for the previous ran-
dom access procedure is flushed as an example of the subse-
quent operation such that MAC PDU retransmission unnec-
essary for the additional random access operation is
prevented and the HARQ operation is clarified.

Meanwhile, the TAT indicating the uplink synchronization
state of the UE according to another embodiment of the
present invention will be described.

As described above, when the UE receives a TAC from the
eNB, the UE may apply the TAC and start or restart the TAT
The UE may be uplink synchronized with the eNB so as to
transmit an uplink signal to the eNB only during the operation
of'the TAT. Ifthe TAT expires, the UE may flush all the HARQ
buffers and notify an RRC layer of the release of a PUCCH
and an SRS. In addition, all downlink allocation information
and UL Grant information may be deleted.

In another embodiment of the present invention, in addition
to the case where the TAT expires, even when the TAT is
stopped, the HARQ buffer is flushed. More particularly, the
UE is configured to stop the TAT if it is considered that the
contention resolution procedure fails as described above with
respect to FIGS. 7 to 9. Accordingly, in addition to the case
where the TAT of the UE expires, if the TAT is stopped, the
HARQ buffer corresponding to the stopping of the TAT is
flushed such that unnecessary uplink data retransmission of
the subsequent procedure can be prevented.

Meanwhile, according to the above-described embodi-
ments of the present invention, the random access operation
of the UE is performed as follows.

FIG. 10 is a diagram illustrating a procedure in which a UE
performs a random access procedure with respect to an eNB
according to an embodiment of the present invention.

Step 1: The UE may transmit a random access preamble to
the eNB in order to perform a contention based random access
procedure.

Step 2: The eNB may transmit a random access response
message to the UE.

Step 3: The UE may apply a TAC included in the random
access response so as to start or restart a TAT. In addition, the
UE may generate a MAC PDU according to uplink schedul-
ing information included in the random access response and
store the MAC PDU in a Message 3 (Msg3) buffer. Then, the
UE may fetch the MAC PDU from the Msg3 buffer, store the
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MAC PDU in an associated HARQ buffer (a HARQ buffer
associated with an x HARQ process, in the present embodi-
ment) again, and transmit the MAC PDU stored in the HARQ
buffer to the eNB at a transmission time point of the HARQ
process. In addition, the contention resolution timer may be
started.

Step 4: If the CR timer expires, if the UE has not received
the PDCCH addressed to the cell identifier of the UE after
transmitting Message 3 including the cell identifier (C-RNTI)
orifthe cell identifier (C-RNTI) is not allocated to the UE, the
UE includes an upper identifier (S-TMSI or a random ID) in
a message according to uplink scheduling information
included in the random access response and transmits the
message, and the same information as the upper identifier is
not included in PDSCH data corresponding to a PDCCH
indicated and transmitted by the eNB, the UE may determine
that the contention resolution procedure, which is currently
performed, fails and, more particularly, the contention reso-
Iution procedure fails. The UE according to the present
embodiment is configured to discard the data stored in the
HARQ buffer of the UE if'it is considered that the contention
resolution procedure fails.

In addition, the UE may transmit a random access pre-
amble to the eNB and receive a random access response from
the eNB, in order to reattempt the random access procedure.

Step 5: The UE may apply a TAC included in the random
access response so as to restart a TAT. In addition, the UE may
fetch the MAC PDU from the Msg3 buffer and store the MAC
PDU in an associated HARQ buffer (a HARQ buffer associ-
ated with ay HARQ process, in the present embodiment) and
prepare for the transmission of the MAC PDU at a transmis-
sion time point of the HARQ process.

As described above, in the LTE system, if data is stored in
its HARQ buffer at transmission time points corresponding to
a plurality of HARQ processes, the HARQ operation is con-
figured to retransmit the data to the eNB. In the present
embodiment, since the MAC PDU stored in the x HARQ
process is flushed in Step 4, unnecessary data retransmission
at the transmission time point corresponding to the x HARQ
process is not performed.

Hereinafter, the configuration of a UE according to an
embodiment of the present invention will be described.

In a mobile communication system, the UE may include a
signal input module, a display module, an antenna, a signal
processor, and the like. Among these modules, the configu-
ration of the processor of the UE for performing a random
access operation according to an embodiment of the present
invention will be described.

FIG. 11 is a diagram showing the configuration of a pro-
cessor of a UE according to an embodiment of the present
invention.

As shown in FIG. 11, the processor of the UE may have a
layer structure shown in FIGS. 2 and 3. Among these layers,
the physical layer module 1110 and the MAC layer module
1120 according to the present embodiment will be described.

The physical layer module 1110 of the UE according to the
present embodiment may include a Transmission (Tx) mod-
ule 1111 configured to transmit a Random Access (RA) pre-
amble to an eNB and a reception (Rx) module 1112 config-
ured to receive a Random Access Response (RAR) message
including UL Grant information from the eNB. In addition,
the MAC layer module 1120 of the UE according to the
present embodiment may include a multiplexing and assem-
bly entity 1121 configured to configure a MAC PDU includ-
ing uplink data and UE identifier according to the UL Grant
information received by the Rx module 1112, a Msg3 buffer
1122 configured to More the MAC PDU configured by the
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multiplexing and assembly entity 1121 according to the
reception of the RAR message, a plurality of HARQ process
modules 1124, a plurality of HARQ buffers 1125 respectively
corresponding to the plurality of HARQ process modules,
and a HARQ entity 1123 for controlling the operation’s of the
plurality of HARQ process modules 1124.

More particularly, the MAC layer module 1120 may be
configured to copy the MAC PDU stored in the Msg3 buffer
1122 in a first HARQ buffer 1125 corresponding to a first
HARQ process module 1124 of the plurality of HARQ pro-
cess modules according to the reception of the RAR message.
In addition, the MAC layer module 1120 may control the
MAC PDU stored in the first HARQ buffer 1125 to be trans-
mitted to the eNB via the Tx module 1111 using the first
HARQ process module 1124. When the MAC PDU stored in
the first HARQ buffer 1125 is transmitted, the MAC layer
module 1120 may be configured to start or restart the CR
timer.

Meanwhile, if the physical layer module 1110 reports the
reception of the PDCCH from the eNB, the MAC layer mod-
ule 1120 may determine whether the PDCCH signal or the
PDSCH signal associated with the PDCCH signal is
addressed to the UE identifier or whether the CR timer has
expired. If the PDCCH or the PDSCH associated with the
PDCCH is not addressed to the UE identifier or if the CR
timer has expired, the MAC layer module 1120 of the UE
according to the present embodiment is configured to flush
the first HARQ buffer 1125.

If the MAC layer module 1120 considers the contention
resolution procedure as not successful, the MAC layer mod-
ule 1120 stops the TAT. More particularly, if the TAT expires
or is stopped, the MAC layer module may be configured to
flush the MAC PDU stored in the first HARQ buffer 1125.

Although the present invention is described with respect to
a signal transmission or reception technology and a user
equipment for the same applied to a 3GPP LTE system, the
present invention is applicable to various mobile communi-
cation systems having similar procedures in addition to the
3GPP LTE system.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method for performing random access to a base station
by a terminal, the method comprising:

transmitting a random access preamble to the base station;

receiving, from the base station in response to the random

access preamble, a random access response message
including uplink grant information; and

storing a Medium Access Control Packet Data Unit (MAC

PDU) including uplink data and an identifier of the ter-
minal in a message 3 (Msg3) buffer in response to the
uplink grant information;
copying the MAC PDU stored in the Msg3 buffer to a first
Hybrid Automatic Repeat Request (HARQ) buffer asso-
ciated with a first HARQ process, wherein the terminal
comprises multiple HARQ buffers including the first
HARQ buffer;

transmitting the MAC PDU stored in the first HARQ buffer
to the base station using the first HARQ process;

starting or restarting a Contention Resolution (CR) timer;

receiving, from the base station, a Physical Downlink Con-
trol Channel (PDCCH) signal;
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stopping a Timing Alignment Timer (TAT), if the received
PDCCH signal or a Physical Downlink Shared Channel
(PDSCH) signal associated with the received PDCCH
signal does not match the identifier of the terminal or if

5 the CR timer expires; and

flushing the multiple HARQ buffers including the first

HARQ buffer, when the TAT expires.

2. The method of claim 1, wherein the terminal considers a
contention resolution as not successful, if the received

10 PDCCH signal or a physical downlink shared channel (PD-

SCH) signal associated with the received PDCCH signal does
not match the identifier of the terminal or if the CR timer
expires.

3. The method of claim 2, wherein the identifier of the

15 terminal is one of a Cell-Radio Network Temporary Identifier

(C-RNTTI) of the terminal or a UE contention resolution iden-
tity of the terminal.

4. The method of claim 3, wherein the terminal considers
the contention resolution as not successful, when the terminal

20 has transmitted the MAC PDU including the C-RNTT of the

terminal and the received PDCCH signal is not addressed to
the C-RNTI of the terminal.

5. The method of claim 3, wherein the terminal considers
the contention resolution as not successful, when the terminal

25 has transmitted the MAC PDU including the UE contention

resolution identity of the terminal and the PDSCH signal
associated with the received PDCCH signal does not match
the UE contention resolution identity of the terminal.

6. The method of claim 2, further comprising:

30 retransmitting the selected random access preamble to the
base station according to the failure of the contention
resolution;

receiving a random access response message including a

Timing Alignment Command (TAC) from the base sta-

35 tion;

starting or restarting a Timing Alignment Timer (TAT)

according to the reception of the TAC;

copying the MAC PDU stored in the Msg3 buffer to a

second HARQ buffer associated with a second HARQ

40 process; and

transmitting the MAC PDU stored in the second HARQ

buffer to the base station using the second HARQ pro-
cess,

wherein the terminal does not transmit the MAC PDU

45 stored in the first HARQ buffer even when the TAT is
started or restarted.

7. The method of claim 1, wherein the first HARQ buffer is
flushed, if the received PDCCH signal or the PDSCH signal
associated with the received PDCCH signal does not match

50 the identifier of the terminal or if the CR timer expires.

8. A terminal comprising:

a physical layer module including:

a transmission module configured to transmit a random
access preamble to a base station, and

55 a reception module configured to receive a random

access response message including uplink grant infor-
mation from the base station; and

a Medium Access control (MAC) layer module including:

a multiplexing and assembly entity configured to con-

60 figure a Medium Access Control Packet Data Unit

(MAC PDU) including uplink data and an identifier of
the terminal according to the uplink grant information
received by the reception module,
amessage 3 (Msg3) buffer configured to store the MAC
65 PDU configured by the multiplexing and assembly
entity according to the reception of the random access
response message,
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a plurality of Hybrid Automatic Repeat Request
(HARQ) process modules and a plurality of HARQ
buffers associated with the plurality of HARQ process
modules, and
a HARQ entity configured to control operations of the
plurality of HARQ process modules,

wherein the MAC layer module copies the MAC PDU

stored in the Msg3 bufter to a first HARQ buffer asso-
ciated with a first HARQ process according to the recep-
tion of the random access response message by the
reception module, controls the MAC PDU stored in the
first HARQ buffer to be transmitted to the base station
using the first HARQ process, and starts or restarts a
Contention Resolution (CR) timer when transmitting
the MAC PDU stored in the first HARQ buffer, and

wherein, if reception of a Physical Downlink Control

Channel (PDCCH) signal from the base station is
reported from the physical layer module, is the MAC
layer module determines whether the PDCCH or a
Physical Downlink Shared Channel (PDSCH) signal
associated with the PDCCH signal matches the identifier
of the terminal or whether the CR timer expires, and
stops a Timing Alignment Timer (TAT), if the PDCCH
signal or the PDSCH signal associated with the PDCCH
signal does not match the identifier of the terminal or if
the CR timer expires, wherein the MAC layer module
flushes the plurality of HARQ buffers when the TAT
expires.

10

15

25

20

9. The terminal of claim 8, wherein the MAC layer module
considers a contention resolution as not successful, if the
received PDCCH signal or the PDSCH signal associated with
the received PDCCH signal does not match the identifier of
the terminal or if the CR timer expires.

10. The terminal of claim 8, wherein the identifier of the
terminal is one of a Cell-Radio Network Temporary Identifier
(C-RNTTI) of the terminal or a UE contention resolution iden-
tity of the terminal.

11. The terminal of claim 10, wherein the MAC layer
module considers the contention resolution as not successful,
when the terminal has transmitted the MAC PDU including
the C-RNTT of the terminal and the received PDCCH signal is
not addressed to the C-RNTI of the terminal.

12. The terminal of claim 10, wherein the MAC layer
module considers the contention resolution as not successful,
when the terminal has transmitted the MAC PDU including
the UE contention resolution identity of the terminal and the
PDSCH associated with the received PDCCH signal does not
match the UE contention resolution identity of the terminal.

13. The terminal of claim 8, wherein the MAC layer mod-
ule flushes the first HARQ buffer, if the received PDCCH
signal or the PDSCH signal associated with the received
PDCCH signal does not match the identifier of the terminal or
if the CR timer expires.

#* #* #* #* #*



